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Background: Anastomotic leakage, bleeding, and stricture are major complications after gastrectomy. Of
these complications, postoperative anastomotic bleeding is relatively rare, but lethal if not treated
immediately.
Methods: Of 2031 patients with gastric cancer who underwent radical gastrectomy (R0 resection)
between January 2002 and December 2010, postoperative anastomotic bleeding was observed in 7
patients. The clinicopathological features, postoperative outcomes such as surgical procedures, bleeding
sites and, methods used to achieve hemostasis, and the risk factors of anastomotic bleeding of these 7
patients were analyzed.
Results: Of the 2031 patients, 1613 and 418 underwent distal and total gastrectomy, respectively. The
bleeding sites were as follows: Billroth-I anastomosis using a circular stapler (n ¼ 1), Billroth-II anas-
tomosis by manual suture (n ¼ 5), and esophagojejunostomy using a circular stapler (n ¼ 1). All patients
were treated with endoscopic clipping or epinephrine injection. There was no further endoscopic
intervention or reoperation for anastomotic bleeding.
Conclusions: Postoperative anastomotic bleeding is an infrequent but potentially life-threatening
complication. Scrupulous surgical procedures are essential for the prevention of postoperative
bleeding, and endoscopy was useful for both the conﬁrmation of bleeding and therapeutic intervention.
 2012 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Since the 1980s, gastrectomy with lymphadenectomy has been
ﬁrmly accepted as the standard treatment for every stage of gastric
cancer.1,2 However, there are still relatively high morbidity and
mortality rates associated with conventional open gastrectomy.
Complication rates of 16e34% were reported in the West and rates
of 5e10% were reported in the East.3,4
Anastomotic leakage, bleeding, and stricture are major compli-
cations related to the anastomosis after gastrectomy. Compared
with leakage and stricture, anastomotic bleeding is rare and usually
self-limited.5-7 However, when continuous bleeding in an anasto-
motic site occurs, it is lethal if not treated immediately. Many
studies have reported on the various complications associated with
anastomosis such as leakage and stricture, but there have been few
reports that have focused on anastomotic bleeding as a complica-
tion following gastrectomy for gastric cancer.8,9: þ82 51 247 9316.
ciates Ltd. Published by Elsevier LtWhen postoperative anastomotic bleeding occurs, immediate
management such as reoperation, endoscopic intervention, and
radiologic intervention are very important. Recently, as advances
in endoscopic techniques and instrument technology continue to
be made, endoscopic treatments for postoperative anastomotic
bleeding have become more popular.
The aim of the present study was to analyze the characteristics
of anastomotic bleeding and the risk factors for this complication
and to evaluate the efﬁcacy of endoscopic management of anasto-
motic bleeding.
2. Patients and methods
2.1. Patients selection
The subjects included 2459 consecutive patients with gastric cancer who
underwent gastrectomy between January 2002 and December 2010 in the Depart-
ment of Surgery, Dong-A University College of Medicine, Korea. Among them, 428
patients who underwent R1 or R2 resection, bypass operation, and proximal
gastrectomy were excluded from the data analysis. Therefore, 2031 patients were
enrolled in this study. Generally, postoperative hemorrhage is deﬁned as signiﬁcant
bleeding (>100 ml/h) in the immediate postoperative period that requires
re-operation or hemodynamic resuscitation.10 In our study, postoperatived. All rights reserved.
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a decrease of hemoglobin was not controlled by conservative care for 24 h and
required endoscopic conﬁrmation and intervention for hemostasis.
2.2. Analysis
We retrospectively reviewed the medical records and prospectively collected
our gastric cancer database. The clinicopathological features, postoperative
outcomes such as surgical procedures, bleeding sites, methods of hemostasis, and
risk factors of anastomotic bleeding were analyzed.
In this study, gastric cancer stage was classiﬁed according to the 7th edition of
the American Joint Committee on Cancer (AJCC) staging criteria.11 Lymph node
dissection was done to standard D2 or more lymphadenectomy according to the
2010 Japanese gastric cancer treatment guidelines (ver.3).12
Clinicopathological and postoperative characteristics of patients were summa-
rized for subgroups by descriptive statistics. Data were summarized using frequency
and percentage for categorical variables and mean and standard deviation for
continuous variables. After descriptive analyses were performed, a Fisher test for
categorical variables was used to compare categorical variables between groups,
while a ManneWhitney U test was used to compare continuous variables between
groups.
The odds ratio (OR) for comparison of two groups was summarized with its 95%
conﬁdence interval and p value using logistic regression. The multivariate model
was created using a backward elimination method, and the probability was set at
0.10 for removal. ORs were also adjusted for factors affecting the response variable.
P values lower than 0.05 were considered statistically signiﬁcant. By its nature,
this study was explorative and therefore no adjustment for multiple testing was
applied. All statistical analyses were carried out using SPSS version 18.0 (SPSS,
Chicago, Ill, USA).
3. Results
3.1. Patient characteristics and postoperative outcomes between
non-anastomotic bleeding group and anastomotic bleeding group
The clinicopathological characteristics of the 2031 patients
(2024 in the non-anastomotic bleeding group versus 7 in the
anastomotic bleeding group) were evaluated and presented in
Table 1. There were no signiﬁcant differences between the two
groups with respect to gender, body mass index (BMI), presence of
comorbidity, tumor size, histologic type, number of retrieved
lymph nodes, and TNM stage status expect age. In the postoperativeTable 1
Clinicopathological features of the patients.
Clinicopathological features NABG
(n ¼ 2024, %)
ABG
(n ¼ 7, %)
p-Value
Age (year)a 58.8  11.9 49.9  10.4 0.040
Gender 0.103
Male 1336 (66.0) 7 (100.0)
Female 688 (34.0) 0 (0.0)
BMI (kg/m2)a 23.2  3.1 21.7  3.3 0.282
Comorbidity 0.268
No 1267 (62.6) 6 (85.7)
Yes 757 (37.4) 1 (14.3)
Size of main lesion (mm)a 4.1  3.0 4.8  2.7 0.373
Histologic type 0.493
Well differentiated 402 (19.9) 0 (0.0)
Moderately differentiated 618 (30.5) 2 (28.6)
Poorly differentiated 768 (37.9) 4 (57.1)
Signet ring cell 139 (6.9) 1 (14.3)
Others 97 (4.8) 0 (0.0)
Retrieved lymph node
(number)a
37.5  15.5 37.0  26.1 0.366
Stageb 0.528
0 13 (0.6) 0 (0.0)
I 1176 (58.1) 6 (85.7)
II 363 (17.9) 0 (0.0)
III 472 (23.3) 1 (14.3)
NABG; non-anastomotic bleeding group, ABG; anastomotic bleeding group.
a Values are n (%) for categorical variables and mean  SD for continuous
variables.
b Based on the AJCC 7th TNM classiﬁcation.outcomes between the two groups, the duration of hospital stay
after surgery was signiﬁcantly longer for patients of the anasto-
motic bleeding group than for patients of the non-anastomotic
bleeding group (11.3 vs 9.3 days; p ¼ 0.002) (Table 2).
3.2. Characteristics of patients with postoperative anastomotic
bleeding after gastrectomy and management
The characteristics of patients with anastomotic bleeding are
shown in Table 3. Anastomotic bleeding occurred in 7 (0.3%) of 2031
patients after gastrectomy, 6 of 1613 patients after subtotal
gastrectomy, and 1 of 418 patients after total gastrectomy. Bleeding
occurred after gastroduodenostomy using circular stapler (n ¼ 1),
gastrojejunostomy by manual suture (n ¼ 5), and esoph-
agojejunostomy using circular stapler (n ¼ 1). The clinical mani-
festations of patients with anastomotic bleedingwere hematemesis
and melena. The mean interval before bleeding after gastrectomy
was 2.9 days. All patients were treated with endoscopic interven-
tion involving clipping or epinephrine injection (Fig. 1). The mean
hospital stay after endoscopic intervention was 8.4 days. In the
cases in which there was no further bleeding, oral feeding was
commenced from the next day or two days later with sips of water,
together with medications such as antacid, coating agent, H2
blocker or proton pump inhibitors. If the patient showed no further
bleeding episodes, oral feeding was advanced to clear liquids and
a soft diet. No re-operation for anastomotic bleeding or re-bleeding
was required for any patient after the endoscopic intervention.
Moreover, there were no adverse events related to postoperative
anastomotic bleeding after hemostasis was achieved.
3.3. Predictive factors associated with postoperative anastomotic
bleeding after gastrectomy
Age and BMI were considered as categorical variables dichot-
omized by the value of 60 and 23.0, respectively. In the univariate
analyses, type of anastomosis and method of anastomosis were
found to be signiﬁcant factors affecting postoperative anastomotic
bleeding (odds ratio 5.26; 95% CI 1.02e27.19; p ¼ 0.048, odds ratio
5.44; 95% CI 1.05e28.13; p ¼ 0.043, respectively). However, there
was no signiﬁcantly predictive factor associated with post-
operative anastomotic bleeding based on the multivariate analysis
(Table 4).Table 2
Postoperative outcomes.
Postoperative outcomes NABG
(n ¼ 2024, %)
ABG (n ¼ 7, %) p-Value
Operative times (minutes)a 206.6  58.7 214.3  42.2 0.530
Hospital stay (days)a 9.3  8.8 11.3  2.1 0.002
Operation method 0.271
Laparoscopy 749 (37.0) 1 (14.3)
Open 1275 (63.0) 6 (85.7)
Type of gastrectomy 1.000
Subtotal 1607 (79.3) 6 (85.7)
Total 417 (20.7) 1 (14.3)
Type of anastomosis 0.040
B-II 652 (32.2) 5 (71.4)
Others (B-I & R-Y) 1372 (67.8) 2 (28.6)
Method of anastomosis
Manual 637 (31.5) 5 (71.4) 0.036
Stapler 1387 (68.5) 2 (28.6)
NABG; non-anastomotic bleeding group, ABG; anastomotic bleeding group, LATG;
laparoscopy assisted total gastrectomy, COTG; conventional open Total gastrectomy,
EJ; esophagojejunostomy.
a Values are n (%) for categorical variables and mean  SD for continuous
variables.
Table 3
Characteristics of patients with postoperative anastomosis bleeding after gastrectomy by endoscopic management.
Case Sex/age (y) Type of
gastrectomy
Reconstruction Anastomosis Clinical
manifestation
Interval of
bleeding after
gastrectomy (day)
Endoscopic ﬁnding Endoscopic
treatment
Hospital stay
after endoscopic
treatment (day)
1 M/41 Subtotal Billroth-II Manual Melena 1 Clot in anastomosis Injection 9
2 M/47 Subtotal Billroth-II Manual Hematemesis 1 Active bleeding
(oozing)
Injection 13
3 M/58 Subtotal Billroth-II Manual Hematemesis 2 Active bleeding
(visible vessel)
Injection 8
4 M/44 Subtotal Billroth-I Stapler Hematemesis 1 Active bleeding
(visible vessel)
Clipping 9
5 M/61 Subtotal Billroth-II Manual Melena 5 Active bleeding
(visible vessel)
Injection 9
6 M/62 Subtotal Billroth-II Manual Melena 7 Clot in anastomosis Injection 5
7 M/36 Total Roux-en-Y Stapler Melena 3 Clot in anastomosis observation 6
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Anastomotic bleeding is a potential postoperative complication
after both open and laparoscopic gastrectomy for gastric cancer.
Postoperative anastomotic bleeding mostly presents with other
postoperative complications after gastrectomy for gastric cancer.
Postoperative anastomotic bleeding is a relatively rare complica-
tion compared with leakage or stricture. Therefore, there are few
reports that focus on anastomotic bleeding as a complication
following gastrectomy for gastric cancer.8,9 The incidence of post-
operative anastomotic bleeding has been reported to be between
0 and 2.0%.5e7 In the case of Roux-en-Y gastric bypass for morbid
obesity, postoperative anastomotic bleeding had an incidence
ranging from 0.6 to 4.4%.13e15 In the present study, we detected 7
cases (0.3%) of postoperative anastomotic bleeding after gastrec-
tomy for gastric cancer.
Postoperative anastomotic bleeding following gastrectomy
usually occurs at the anastomotic lines of the gastroduodenostomy,
gastrojejunostomy, or esophagojejunostomy site. Anastomosis
methods used at these sites are usually manual suture or staple.
With improved instrumentation used in gastric surgery and the
accumulation of surgeons’ experiences, many technical skills and
instruments have been developed for gastric surgery. These days,
mechanical staplers are regarded as a good alternative to hand
sewing in gastric reconstruction. Hori et al.7 and Kim et al.16 re-
ported that there was no difference in the incidence of post-
operative anastomotic bleeding between hand sewn versus stapled
gastroduodenostomy in patients with gastric cancer. However,
some papers reported that instrumental anastomosis does not
always achieve better results.17,18 Podnos et al.13 demonstrated that
the frequency of postoperative anastomotic bleeding was higherFig. 1. Endoscopic intervention of postoperative anastomotic bleeding after gastrectomy. (A)
Endoscopic view of gastroduodenostomy after hemostasis using endoscopic hemoclips.after laparoscopic surgery than after open Roux-en-Y gastric
bypass. They stated that some potential explanations for the lower
frequency of postoperative anastomotic bleeding after open Roux-
en-Y gastric bypass were ﬁrst, the frequent use of hand sewing
techniques in the creation of the gastrojejunostomy in open Roux-
en-Y gastric bypass; and second, the frequent oversewing of gastric
staple-lines in open Roux-en-Y gastric bypass. They suggested that
to minimize postoperative anastomotic bleeding, care must be
taken to obtain meticulous hemostasis of all staple-line edges,
a stapler with a shorter staple height (3.5 mm for the stomach and
2.5 mm for the small bowel) should be used, and staple-line edges
should be oversewn, or staple-line reinforcement materials should
be used to provide hemostasis. However, in our series, we hadmore
postoperative anastomotic bleeding using hand sewn methods. In
the univariate analysis, the manual method for anastomosis was
a risk factor of postoperative anastomotic bleeding. In our study, we
had fewer cases of postoperative bleeding following stapled anas-
tomosis compared to other reports possibly because we used
staples of the correct size and kept holding the staple jaw closed for
several seconds after ﬁring to add compression to the anastomotic
sites, and put interrupted reinforcement sutures on them.
The initial management of postoperative anastomotic bleeding
is conservative with ﬂuid replacement and blood transfusion.
Conservative treatment is usually effective and bleeding is occa-
sionally self-limited. However, some cases will not respond to
conservative therapy and require surgery. Moreover, some authors
advise against using therapeutic endoscopy, given the risk of
perforation at the site of surgical anastomosis.14 They demonstrated
that endoscopy performed immediately after laparoscopic Roux-
en-Y gastric bypass can be dangerous because the risk of perfora-
tion at the staple-lines is high if the endoscopist attemptsEndoscopic view of gastrojejunostomy after hemostasis by injection of epinephrine. (B)
Table 4
Univariate and multivariate logistic regression analysis of predictive factors for postoperative anastomotic bleeding.
Variables Univariate analysis Multivariate analysis
OR 95% CI p-Value OR 95% CI p-Value
Age (year)
<60 vs.  60 2.72 (0.53, 14.03) 0.233 2.39 (0.45, 12.60) 0.304
BMI (kg/m2)
<23.0 vs.  23.0 1.43 (0.32, 6.41) 0.639 1.42 (0.31, 6.46) 0.651
Comorbidity
No vs. Yes 3.59 (0.43, 29.83) 0.238 2.60 (0.30, 22.29) 0.383
Operation method
Laparoscopy vs. Open 0.28 (0.03, 2.36) 0.244 0.50 (0.05, 4.84) 0.551
Type of gastrectomy
Subtotal vs. total 1.57 (0.19, 13.05) 0.678 2.39 (0.11, 52.06) 0.580
Type of anastomosis
B-II vs. Others (B-I & R-Y) 5.26 (1.02, 27.19) 0.048 3.71 (0.33, 42.36) 0.291
Method of anastomosis
Manual vs. stapler 5.44 (1.05, 28.13) 0.043 2.66 (0.21, 34.51) 0.455
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the risk of perforation, there have been many reports that have
described excellent results following endoscopic therapy for post-
operative anastomotic hemorrhage.19e24 Recently, endoscopy has
been the most accurate and practical method for diagnosing and
treating the source of postoperative anastomotic bleeding.19
Endoscopic examination is very useful in the investigation of
postoperative anastomotic bleeding, because we can identify and
localize the source of bleeding, treat the bleeding, and estimate the
risk of rebleeding using endoscopy.24 The use of standard hemo-
static endoscopic techniques, such as heater probe, epinephrine
injection, and hemoclips, either alone or in various combinations,
resulted in control of bleeding in patients.
In our series, control of postoperative anastomotic bleeding was
achieved in all cases by endoscopical management and was fol-
lowed by no further complications. Control of bleeding was per-
formed using epinephrine injection or application of hemoclips.
Moreover, no patient incurred a perforation directly related to the
endoscopy.
The drawback of this study is the retrospective nature of the
analysis of postoperative anastomotic bleeding. Also, these results
should be viewedwith caution due to the small number of events of
postoperative anastomotic bleeding that were investigated in the
study. Moreover, we did not carry out postoperative endoscopy
routinely after gastrectomy. We only performed it in some patients
with clinical evidence of postoperative anastomotic bleeding. In
light of this research, it is suggested that we need to pay careful
attention to the method of anastomosis used in order method to
reduce postoperative anastomotic bleeding, and endoscopic inter-
vention should be performed to control anastomotic bleeding.
5. Conclusion
Postoperative anastomotic bleeding after gastrectomy is a rare
complication, but if it occurs, prompt treatment is needed. Scru-
pulous surgical procedures are essential for the prevention of
postoperative bleeding, and endoscopy is useful treatment for both
the conﬁrmation of bleeding and therapeutic intervention.
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